Background: We examined inequalities in cervical cancer survival in Lithuania by education and place of residence. Methods: The study is based on the linked dataset that includes all records of the 2001 population Census, all records from Lithuanian Cancer Registry (cancer incidence) and all death and emigration records from Statistics Lithuania for the period between 6 April 2001 and 31 December 2009. The study group includes cervical cancers registered in the Cancer Registry from 1 January 2002 to 31 December 2006. Analysis was restricted to women who were 25-64 years old at the Census date (in total 1 866 cases). Results: During the study period there were 671 deaths corresponding to an overall 5-year survival proportion 64.13% (95% CI 61.86-66.31). Place of residence and education of cervical cancer patients had strong impact on survival; 5-year survival was higher in women living in urban areas than in rural (68.61 and 55.93%) and survival decreased with decreasing education: from 79.77% in highest education group to 64.85 and 50.48% in groups with secondary and lower than secondary education. The effect of place of residence declined when stage of disease was included in the model and became not significant in final model with education adjustment. The effect of education declined after inclusion of stage and other variables, however, remained significant. Conclusions: We found that women with higher education experienced higher survival following a cervical cancer diagnosis, and stage of disease at the time of diagnosis explains only the part of observed differences. 
Introduction

S
everal decades of research have documented social disparities in cancer incidence, mortality and survival. 1, 2 These inequalities are evident in many European countries and for almost all cancer sites. [3] [4] [5] [6] [7] [8] [9] [10] These studies raised questions about causes underlying the generally higher cancer incidence and lower cancer survival in lower socio-economic groups. A common hypothesis is that a higher exposure to important risk factors explains the higher incidence of specific cancer types in low social groups. Distribution of cervical cancer risk factors may differ in different socio-economic groups of women. It is well-established that human papillomavirus infections play a critical role in the development of cervical cancer. However, other risk factors interact with it to define individual risk. 11, 12 Many reproductive, lifestyle and behavioural factors associated with education may affect cervical cancer risk including human papillomavirus infection, parity, smoking, nutrition, oral contraceptive and participation in health promotion or cancer screening programs.
Regarding cancer survival, studies have consistently observed that the stage at diagnosis only partly explained the poorer survival found among more deprived social groups. 2 Early stage at diagnosis is the most important prognostic factor for survival, and it has been widely recognized as differently distributed across socio-economic classes. However, it is becoming increasingly apparent that this association is more complex than some studies indicate. Disparities in survival are probably due to multiple factors, including differences in stage distribution, differences in levels of comorbidity and differential access to health care between educational groups.
We have previously described inequalities in cancer mortality and incidence by education level in Lithuania. 13, 14 Higher cancer mortality was reported for rural population. 15 Cervical cancer incidence and mortality are high in Lithuania as compared with other European countries and the rates are increasing. 16 For cervical cancer, higher incidence and mortality have been found in less educated women and in women living in rural areas. [13] [14] [15] In the study reported here, we aim to assess the extent of inequalities in cervical cancer survival in Lithuania by education and place of residence and to identify whether these inequalities remain statistically significant after simultaneously controlling for the both variables and stage of the disease.
Methods
This study was conducted using the Census and Cancer Registry linked dataset. The materials and methods have previously been described in detail. 13, 14 Shortly, the study is based on the linked dataset which includes all records of the 2001 population Census, all records from Lithuanian Cancer Registry (cancer incidence), and all death and emigration records from Statistics Lithuania for the period between 6 April 2001 and 31 December 2009.
Study group
The study group includes cervical cancers registered in the Cancer Registry from 1 January 1 2002 to 31 December 2006 (in total 2513 cases). Analysis was restricted to women who were 25-64 years old at the Census date. Excluded from the analysis were women, who had more than one cancer (72 cases) and whose records were not linked to the Census data (84 cases). The final study population consisted of 1866 women. Patients were followed up regarding emigration and death through record linkages to the death and emigration records from Statistics Lithuania until 31 December 2009.
Variables
Age. Age at diagnosis was studied as continuous variable.
Stage. Information on tumour characteristics at diagnosis according to the TNM system was obtained from the Cancer Registry. For the present analyses, all cases were reviewed and the extent of disease was reconstructed into stage groups based on pathological or clinical TNM as follows: localized (T1-2/N0/M0); locally advanced (T3-4/N0/M0), regional (any T/N+/M0), metastatic (any T/any N/M+). Group 'Not reported' includes cases with no information on stage.
Education. Information about education was taken from the 2001 Census records. Education was classified in the three broad categories: higher education (at least 14 years of schooling); secondary education (10-13 years of schooling) and lower than secondary education (up to 9 years of schooling). Following our earlier experiences and international recommendations, persons with unknown education (8 cases or 0.43% of the study population) were included in the lowest educational group.
Place of residence. In census records, place of residence was reported as urban or rural. In this analysis, we used information about place of residence at the census time.
Statistical methods
The Kaplan-Meier method was used to estimate the overall survival of cervical cancer patients from diagnosis to death. Log-rank based tests were used to assess the crude effect of socio-economic variables on cervical cancer survival. Cox's proportional hazards regression models were used to estimate the adjusted hazard ratio (HR) and 95% confidence interval (CI). Three models were fitted to the survival data to estimate the effect of socio-economic variables, while adjusting for the possible confounding effects of relevant socio-demographic factors (age, education and urban-rural residence) and the stage of the disease. Model 1 adjusted for age, model 2 additionally adjusted for stage of disease and model 3 also mutually adjusted for place of residence and education. STATA 11 statistical software was used to carry out the analyses.
Results
Selected characteristics of the study population are shown in table 1. Higher proportion of women with higher education lived in urban areas, they had higher proportion of localized and locally advanced cancers, also were younger as compared to the group with lower than secondary education.
During the study period, there were 671 deaths corresponding to an overall 5-year survival proportion 64.1% (95% CI 61.9-66.3) (table 2). Place of residence and education of cervical cancer patients had strong impact on survival. 5-year survival was higher in women living in urban areas than in rural (68.6 and 55.9%). In this study group, survival decreased with decreasing education: from 79.77% in highest education group to 64.8 and 50.5% in groups with secondary and lower than secondary education. Table 3 (model 1) shows that education and place of residence were significantly associated with survival after adjustment for age. The effect of place of residence declined when stage of disease was included in the model (model 2) from 1.58 to 1.27 and became not significant in final model with education adjustment (HR -1.16, P = 0.076). The age adjusted HRs for educational categories were 2.07 in secondary education and 2.89 in lower than secondary education groups. The effect of education declined after inclusion of stage and other variables, however, remained significant (models 2 and 3). HR's for women with secondary and lower than secondary education were 1.83 and 2.04 as compared with women of higher education, respectively (model 3).
Discussion
The socio-economic environment has been found to be associated with cervical cancer survival even in countries with rather comprehensive access to health care for all population groups, such as Sweden, Finland, Denmark, England and Scotland. [3] [4] [5] [6] 9 Our results show that as in many other countries, cervical cancer patients with lower education in Lithuania have considerably poorer survival than in the highest education group. [3] [4] [5] [6] [7] [8] [9] [10] The observed significant survival gaps and concentration of deaths in these disadvantaged groups of women contribute to the disadvantage in mortality due cervical cancer of Lithuanian women in international context. Danish nationwide population-based cohort study revealed that relatively fewer women with lower social position, as measured by education or income, survived after cervical cancer than women with higher social position; however, this study did not take factors such as stage of cancer into consideration. 17 In the another study from Denmark has been shown that women with cervical cancer who are less educated, elderly and living alone are more likely to be diagnosed at a late stage. 18 Furthermore, women with a lower socio-economic position tend to have more comorbid conditions, which has also been associated with survival from cancer. 17, 19 The socio-economic differences in survival after cervical cancer in Denmark were mostly explained by cancer stage and to a lesser extent by comorbidity and smoking. 18 Results of our study indicate that the observed educational differentials in survival cannot be explained by the corresponding differences in stage of the disease. Possibly, a higher cancer survival among highly educated women can be attributed to a treatment provision, patient lifestyles and other factors associated with the provision of health care services. 2 Many studies focusing on other cancer sites highlight the role of health care in modifying the probability of survival. A study on England suggests that women with breast cancer living in deprived areas were less likely to undergo surgery and they had significantly lower 5-year survival than women in more affluent areas, also after controlling for stage at diagnosis. 20 The travel time to the relevant healthcare facility and living in a deprived locality reduced the likelihood of undergoing definitive management for lung cancer in UK. 21, 22 A study in Italy found a strong association with distance of woman's residence from the nearest radiotherapy facility. 23 The educational level was also strong predictors of the treatment received by lung cancer patients in Turin. 24 However, the mechanisms of how place of residence may impact cancer survival are very complex. One potential explanation is the effect of travel times on patients' likelihood to seek care, and the consequent impact of this on stage at diagnosis. In Scotland lung and colorectal cancer patients living in outlying areas have poorer survival from cancer because of more advanced disease at diagnosis. 25 The increased risk for advanced cancer of women with lower education might be related to insufficient knowledge about cervical cancer and the prevention opportunities. A Lithuanian study examining the participation of women in cervical cancer screening program suggests that the highest odds of being screened for cervical cancer are among older, highly educated, married and urban women. 26 On the other hand, educational level did not significantly affect the women's attendance status in Norway. 27 The strengths of the study include nationwide cancer registry and census-linked dataset, use of personal identification number for data linkage procedures and low numbers of missing education (less than 1%). We restricted this study population to women aged 25-64 at the start of the study assuming that the majority of women will have completed their lifetime highest education level, minimizing the possibility of this misclassification bias. The number of censusunlinked cases were small (4.3%) and were excluded from the analysis, thus cannot have a significant influence on the results.
A major limitation of our study was the lack of individual information regarding treatment of cancer and participation in screening program. Despite these limitations, our findings suggested that educational status was strongly correlated with cervical cancer survival in Lithuania. As our study was population-based, included individual-level data, and was based on analysis between social and disease factors, we consider that the results are valid for estimating the individual effect of education.
In summary, we found that women with higher education experienced higher survival following a cervical cancer diagnosis, and stage of disease at the time of diagnosis explains only the part of observed differences.
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Key points
Place of residence and education had strong impact on cervical cancer patients' survival. Women living in urban areas had higher cervical cancer survival than in rural. Higher cervical cancer survival was observed in women with higher education. The effect of place of residence became not significant in final model with stage and education adjustment, but the effect of education remained significant after inclusion of stage and other variables. There are groups of disadvantaged women in Lithuania who should be addressed with specific early detection measures, particularly those living in remote areas and of lower socioeconomic status.
